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PROBLEM TO BE SOLVED: To provide a group in nitride-based compound 
s miconductor having few through dislocations. 

SOLUTION: A sapphire substrate 1 is etched in a shape of stripes, each 
having a width of 10 urn and a depth of 10 urn, with spacing of 10 urn. Next, a 
buffer layer 2 of AIN is formed with a thickness of about 40 nm, mainly on 
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1. Then, a GaN layer 3 is formed by longitudinal and transverse epitaxial 
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©/>• ?7tI2 &t>m?>fti&m-rziiimmimmt& 
^i»f*3fc©M*&5&{a&g-r*. ra. cc-cen 

:5l6j©J&g*^5. 0 1© (d) ©i^CC. S 

S©©^©±*«. 8t*©«H©'< ?7tI2* &«55f 

(Shss-t 6 ni^{b^fb^#@f* 3 &mm.*m> 
mommo* »7tI2)(i> ^mysm^m-r s mmmt 
teeter z>m.mm.<Dmm.imtbx>pte< 

[0024] C©£#. ©M©T^©iS®^0R£$n/c 
/^77l2*> 6fiJ^rrSltC lt$t->t -iKSfi-T Sill 

ISJCC x f ^ + .>i>j&5t}- 5 III»^{ b^fb^fj*^ 
f* 3 #|6J AH ^ ^ gf<D±M* 6©g|^fSlXf^*^ 

^<Diummmmt^mmm» 3 ±gp{ciiK^©«® 
(cfjgs^nfc^* -j v Tm2frt>&M-rzmmmmmL 

•5. C©iS^-. 02© (d) ©«fc5(e©M©Jgffi{Cjf?f!K 
§nrc^' 77l2*ii L/rfSSL-fciii^<b#HS 

it&mmmm ©BSss*^ffiKffis c i % < c 
r m z c 1 1 1£ *:<D±.mswM<Dmm<D±smicB 

ft/c;* 5 77i2^iii -OSS b/ciiig?^b^ 

S{b^^«:3©fSSffi©^»*^DT:*jO. 

r m 2 a* h&mrhnmmLU c o&m-c±& ensc 

[0 02 5] ±iB©«&i£t>«;£|oJXtf2*2/ + A.j£g 
«. III^^b^^b^l*^{*® 3 l*i{ll-2 

0} m*wmmwftfa<Di&gmt-tz>t%®g>u:mm 
ti-c*>s„ c©<h#ta|A«g|^[aixb-f+^+^Sct J 

©l&g®©ii>& < £ feiSP* {1 1-20} ®©g£<5? 
r«M^. «^(6]xf5f*i'+;^SE»iii^ 

mmmt^m^m»mo {11-20} ffitciescsn 
[0026]«±©<t5*ci», 'ivyrmzma-r 

fcSSKiiLSx f if * > -t- ;URSg-r 4 inKOf b«OHt 
^^#&cfcjcc;fl!-ci*s 0 cn*03tc^-r. s«i 
*HU-5TmM*^eS;L.fc©^ (03© (a) ) . 111&1 

«f fc«BR{t^«*«» 3 =&Si£Ri>'^(alfiSg St (13 
©(b) ) . fSM©±f2Etcj&/£$ttSa5#©lll8jM 



I 



(7) 
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fb*Wftft£***W*3 %mt Vtcffif5foWL&.1<C& 

(03© (c) ) . *fc. 04(t^f J:5CC. 

©^•;7rl2 2) KlIdS^^SHb^****©* 

Sa B B i3 (®m.<D±M<om&ikm3 1 <teM©TiscD# 

£11113 2) Sr^l&OT (04© (b) ) . J&g©±© 

C<t4>T-*S (04© (c) . (d) ) . 
[0027] (SIW»84. 5©#&B>i) 05© (a) ©<fc 

(b)©«fc5K. ^»7rJB2 4»fEltlHI0. 

taw -5. ccr@5© (c) ©.fc^cc. uimmimm 

«#[6jxt5r*~> + ;KSS3#5. 05© (c) TBS 
M©SERWWH*> 6 fc-SSlldSSftiB^f fc^*« 
&3 2©xK**i'**)atfi#(iBCr>3W»^**L-Cl» 
C©£#. S^©Te©S®RJ>*WJM*^xf$* 

©±!9:*rESS-rSJ:9«>. &M©±&E«:0l£3n;te 
^•?77l2* ^^firfc Itf+i't JUfifcfi-r 5 III 20 

isaaifis»*<t^»*»fl:3 i*si^*>o»^9Baio±aiB 
*> 6 ©are iw+t/t )immm t ^*-r s^rftupk » 
ft 61*. ^**»fc«^nd«ft*3R{k^«Mia» 
#3 i±gp{c(*^M©jSffi^6e)S8-r5saigti[««L 

•S„ C©ig£. 05© (d) ©«fc-5tc©£©&ffi#>e>fi£ 
SLfcIII«sS{t«J^{k^J*ait»3 2©/&gS#aiffi 
K:tH*C<bft<®Hi:l/T^4C < t<bftS. -e©_h£B« 
Wma>8&D±BMlcimStift'* »7t|2 **i 0 
r j£« t, fc lllK»b!gJ*{fc^a*i»«: 3 1 ©J&gffi© 30 

BC©aSPir±»6tl*C4 4«cS. 
[0028] ±K©«tt»t»«#lS|xe**J' + AfiSJt 

t*. IldK^{t^^fc^MMI«:B3 1 *J { 1 1 - 2 

o } mz®mm?ifo<om&m t ?z> t *®mic2m*J 

fit?-?**. C©i#m««*|Slxfcr5f*^*^fiES«ti 
©l&6ffi©:4>ft < 4 &±§B£ (1 1-20} ®©£SG5 

■com*, ft®* fi^ftx t" * * + ;uagffitt mm 
mtmt-M^mttmo ( 1 1-20} scenes*. 

fttr». 40 
[00 2 9] 06(CtrTJ:5K:. ;<?7rI2i 

nd«fb«0Mk^^,¥®*ttM3 1 *»«ur 

(06© (a) ) . 8H*0fi£L (06© (b) ) . © 
M©±t2©«ftllJf 3 14tiC fcff^fifcBK: <fc 0 a 
(B6<D <c) . (d>). 

[0 030] CIMB16. 7, 8©SWi70(a) 
©J^JC. |«l«m«J^>i', IHS$ft<t' 
CC«t«35£n/cgP^A?r^L/. Tfrn-t^ft^SfcaA** h 
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tc0«53tifcA 7 7Tl2 l<tib©L. 3tffi©7ntifcg|5 
ft A ic&lS, 3 ftSM ? 7 t JS 2 2 ttSUBtcifc— ft tSSJB 

a*-c*r. a-ofiSRaawiii* (07© (b) > . cc 

*>^.>H&g3 •££<•:. icc^ffi©^n-ct,»fti>a5^cc 

m3w^ 7 7t12 1 &&<t L-cm&§?,®i>m^m 

SLVmf&Z ft. *E©7i!ftfcS|$# A fCjftS 3 ft£r? 7 
T«2 2*fc*^fcfiHM-SC<b"C«-9'C»,»< (0 7 
©(c)). KKml«<t*BIHkM^ft3 0iRR 

9!»AKM?h5^ 7 7ri2 2tt. £&Cg|S©5£ft 
T^ftt^fl-tCflMSftfc'-f^rJf 2 1 

&3#Su£ft&5C<!:<!:ftS. C©£#. »ffi©3£tt/c 
8B#AK:jfrsS3*i5^?:?TJI2 2*>6©8££fr©mjl 

J«Sftfcm*«fl»J!Wb£#M|£**3 CCtt£*BLftl,> 

[0 03 1 ] 08© (a) ©<fc5K:. Sfg 1 JtBfCCff*. 
(*x » ^> BfiS^fti'JCj: 0 ^tifcSB^A^^fiS 
U ^n-CC>ft^SI5»*iX h 9 ^«X«tS^^©S 

<t. as©^4irc»ftt,igp^{c^3n/ciiBK^fb^ 

3fiffc^W*iWt)i3 1 iittSU ^ffi©^tl/cg|5^A{c 
$ *i S mgEBfttNBlH b^MNStt® 3 2 »*B(C 
i^— ft*eS»35*r * T . J.OfigSjSK*SilC» (08© 
(b) ) . III^^b!g5^b^»¥^ft3*SJSi>'®^ 
[Six e $ + * 3 -«± Si^Ti f 2 * -> + JUfiSJ^ 

immti!i<mm»m3 2±.mi, ^tcmsaytatix^ 

*i«#r^x b:n^>^;vm&Lx^t,cm.o C Lttz 
S. C©i#. ^ffi©^nfcg|5^A«:^3tiSlIlK 
^b«J*{b^f5^f*3 2 *>6©8£frfa©Sffie{4W:. 
-e©±*K^[aix f i?* * ;H&g«:«fc 0 )fJfiS3ti/c 
niK^b«<b^^^3 1 «:«etei/ft^c i £ 

ftS. 

[0 03 2] SKI*. 09©<fc-5tC. 07©«J;-5ftlII 

IKS^b«»m^«j**«c3 © 1 m©*SRO'lf:/j|6jxb-* 
;bfiSS-c«ft< . xT^ffiw^nr^ft^giWfc 

BIS. 3 tx/c^' 7 r m 2 1 ±tc Hl6$i^b!|^{b^»£ 
^ft3 1 *$a*(SlRSS3-l±r#ie^<!:b. ^«CC©II 
d»»b»^b^«Mi£aR*3 l©^*S H a H @^£ brill 

mmimm t&s&mfc 3 2 zmj&vmtifti&S: 3 ^ s 

[0 03 3] CH*^9. 1 0©#feBj§) 01 o©J:5 
K. S^HC^'^7t®2?:^RSL//c©^ (010© 

(a) ) . ^©«i^>y, Iffil^iCiiJ^ffi* 
^b3#(01O©(b) ). IllSi^b^fb^* 



I 
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m#3ZWlR&mJ5fol&&2iiT:i>Bk^ (01 0© 
(c). (d) ) . gJfc. 01 KDcfc^CC, *«ltc;< 
» 7 rl 2 iIII)^ft^{b^)*«ft® 3 1 
Ltc<D*> (HllO(a)). ZrOmmtx-v 9 L >^. 
IHS*K«fcD*ffi*^f:$-t* (01 1© (b) ) . Ill 
S^<t^fb^*iS{*3 3*$Roqf;&|6jl&6<*ttr 

fern* (H 1 1 © ( c ) . (d) ) „ i>-rft*>. mm** 

[0034] Jj(±©<fc 5 ttmid: t) . ta75-|SJK:{£je-r 

[0035] ±&<Dxn-emt>titciiimmimmt& 

HtcfST^^fiS-r-Sci-c. £;|sg©4>ft(,>. ^Siig©:*: 

id. 

[0036] ±Mz<oT.m-cmhtitciii^iWimit^ 20 

«#fflxt'£*W^J&gL-fcB(S#©± 

©Hffio^^n^^^i-rsci^-c^s (it* 
jsi 2) „ 

[0037] ±gB©Ig-ef#e>*ifcIIlS£g"ffrl&l 

^©±a©**-e©ffe©g*^^8i-r-2,ci-c. iga^ 

USHERS©* U < JOHN § ntat£J114©&<,» iii&gfttBj 

^{b^«j^tt^i^c<b*i-c#s (m&mi 3) . ft 
ft©»sgo/cas#£^A,rt>fci: u-cfc#wBK:s*3*i 

[0038] 

[2£9?©**&©^S§ ] 0 1 7iM0 8 (C##fci?i©Ild£g 
<b^^b^*^©m7^©*56©^Sg©^ ti^ti 

<D—m<Dmm%m?. 0 1 «c*jur«. /<?7yH2*i 

S« 1 ©#^>^«cJ:9ffM3tt/cfflifflK^;**i& 
l.«miri,>5, S«l £2 , -^»:? r L.r&g£Jfcj£ 
0 (01© (a) ) . /<77yl2^Mbt (01© 

(b) ) . iimgimmtG®¥m#m3*ffijjftx 40 

tf**-> + ;M£6;*-tt.5> (01© (c) ) o 01© 
(a) <D#-4i/>if(bmtm.ZlZ. ±^©Jr^tc^M© 

jSfficcBss s titc* v y r a 2 2 i l xmummm 

@3 i*sfa^©±a5*s^J:^^$ns. 01© 
(c> -ettsreflxtf** j/ {1 1 

-2 0} ®r*£i§££:K5£brt,>-2>*s. 
ffi&cRB5£;**ift»,>. c^L.r. ©M©Jl£B©fiJKrl6]©fS 50 
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> 4 iftfisjx e$+-> t jusssft <t zwcfe? z 
ci-c, 5cwi/>y$iifc±gp©iii^^b»{b^ 

(01© (d> > . 

[ o o 3 9 ] 0 2 itmm i ©^©ffljstc »7ti 
jur**. 

[0 040] 05W»SltC^^7rg2*ffjRSO/c© 
%%<it>Zs iff SHJ6©^«T*S. a-,7 7 |2« 

j&3ftr<,>ftt,>»g i ©is^©^®s.{>'ffli]®'r©ffiWitij 

/£gtt*8C»#>S«>rjI<. ^©idSffiCtffiJjjfc;**!*:^ 

/c^H*S^ (05© (c) R£>* (d) ) . 02© 
(a) ©# -Y-»^©i|iBiai3«. i&OJ^KI&M© 

3 2^H*a*-5fr«: > m^©±^SCC0)S^tifc^* 
■^7§2i Lr8ftRt>if ^j&g-r siii&g 

3*1-5. 02© (c) -C{i*^rSjxb'^*v'i'^SM 
{11-20} ®-C*-5«^^ffi^O-Ct»-5 

[ 0 0 4 1 ] 0 7 tt. 1 ©^ffi^e Lfc© V< 'j 
7rl2 * JftST -5 H^©0Sg-C* -5 „ «ffi©7£ tifcSP 

[0 04 2] 08W. SSl©^M*^6L//t©^III 

®^{b«j*ib^¥^=&ia^fis-rs^*g©ffjs§-c*. 

Bf&ztitc mmidsj-temteikm&x-ii-rR-ofii&m 
m.&m>iimmitm&it-£®>mmfr3 2±*. a©^ 

nr u«c t,»gp»«:^3 n/ciiiS^{b^i^b^^ 
3 1 *s«SR^*|6]x t ^ + + ^fiXS bra 5 <t 

[0043] ±iz<omm<nmm<Dmmt or «. ^c©* 
*>6^-*i-e*isf?-r-5c (tan?**, 

[0044] SfeiiKllliS^b^^b^^^^llS 
^H*^R£-r'5»^« > lSit/tttD-7T-f7, is 
V^XSi). ^{b^^JgCSiO. Xt^-JUCMcVM.O,). Zn 
a Mgo€-©ffe©«ita^S«. UMb#Uf AX«5lt{b 
^•J A©J:^A c ciii-v^{b^)¥«»*'5^(i^(b^ 
y ■> a ccaN)-e-©ffe©iiBKMb%^b^¥«(*^ ; feffl 

t,i.5C£*irt-5. 

[0045] nMfb^^ib^^^fte^^fiS-re 

^ffi4Lr«Wta#il«tBfiSSfi£ (mocvdX«mcvpe) 1fi 
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jt?*u>#. & : m§mi&&& (we) . k*hi 

fiKSS (Halide VPE) » WlWSM^ (LPE) 3?£ffll>r 
[0046] »(W7r ^TSS±tCIIl(^<b^m 

*jf^-r-2.c<t*5»*Lc\ ftB©s«*ffiffl-r 

«. <5S-C0)jJE ;* tffc III#^{b^?FJb^J¥ag<*A1, Ca 
yltH-.-vN (o^x^i, o^v^i. o^x+y^i) . J:Oif* 10 

l/< HAl.Cax-.N (O^x^l) C(D^vV 
-r-2>£©Tfc&< , jl(C1000~1180*CO©H-C. MOC 

^jAl.Ga^Irh-.-rN (O^x^l, O^y^l, O^x+y^l. iffi 
{CtS^'y 7 7§a, 20O~600*C-Ctf 5©#M* 

$e>ccsis u< »3oo~5oo-ct&«5> 36«:s$u<« 

350~450'C-C*So Cft^OX^;,* 'J>^ffi^©©Jffi 

^iS^fflt^cJS^Kitt. t^vv TB©J5£tJ. ioo-3 

OOOA*iS£Lt,>„ $e.KS*l/<«, 100~500A#M 
$L<, &fcg*b<«. 100- 300A-C&S. « 
^[pj x tT 3? * f JH5;fi©J&g©& <!: £ ilBKl^f fcfej 

^fb^j*^BRi>VX«JJi©iii^{b^{b^ 30 
m) tit &&(,»o «&B£ffl<.>s«£«. 

C 0 0 4 7 J a'?7tI, et^lfilxf^ + ^t-jUfiKSCD 

t-x vx (Bi)-cs t &jl-c i.^wzmmwcmmx * 

b^CAsJ^WU^t^lllBl^bfJ^b^fJ^^-C^SA 
1,Cai-,N (0£x£l) Kl. TJl'5X'?A(Al). *fU^A 
(Ca)«i:0 45ll^*S<D^#^-f>y'i»A(ln). XttgiH 
(N) «fc D feMT-¥&©*# fc (As)£ F - * C i "C. 

U£H14£Ji< orfc&ir*. c<Z>Jft£»r jr-fe^^M so 



1$^ 2001-267242 
16 

«#ni!^^<D<MK:S*«:A*fc«>. pMJSHSrT 
oojiSi oo o#©i usee jfc-eTtfScifc-c* 

[0048] nSOIlfi^ft«^t&«l¥*ttJf$fl$ 
flWiW^JCtt. nSHRKWiOT. Si. Ge. Se. Te. 

fc. pS^M^iltiJ. Zn. Mp. Be. Ca. Sr. Ba^II 

[0049] ffi^fflx e$r+J/*JWfcS£ LrttRESH 

&©? r -fe ? FE©* &©-?&&!<>„ 
[0050] iSlfJitf *^t«Si IT«. If}? 
|6]xf^f^i'i.JUfiKSM©^< <tfe±g|5tS«ffi<t» 

m<mmt&®¥m&<D ( 1 1-20} it&s c i 

[005 1 ]i^>yt5Sg(J, gg^i^B©^* 1 
H£i*tf£. C©B$. S&SB^e©*^^^^* 

[0052] mm±.<£mm?ziimmvmmtism* 
mmiimmimmit^m^m»m<oam ( { 1 1 -2 

0} S) XBmffi ( {1-100}®) iWrifc-SJ: 
^x h^-f 7 - t*iK:-7Xi'iRi < H3:3< , -f^> : 9'*ife-rc4^ 

Ra£vx^*ffi^ciS:ttb-cMi-> 0 ^^isjxf^+v-p 
ji/fissffiw. s^®{csii:ife^©©ftH. a«ffi«c>pfL/i4 

&m®aWtUX (1 1-2 0) ffi^atfrlBjit**^ 

+>\si&mmt-?z>< l cumz-\t7, v =7 a ^©s^iojttii 

US^b^fb^*iif*)l©mffi-C*>S (1-10 
0) ECCSttirS. m(SS4t7 7 ^r©aiX 

±5C^RE3 III»5^b«J^b^5^(*B© a Mi 

ffiS-Srf &©-c. cn«c^-a-r^-Y^>^*i6T„ 

j*Ett. tS^tt-£©ftB©&tt<fcT5ig£<>. ttff (MS) 

©*«f*ll© {11-20} ®<b-grr « C 4*s^S L 

[0 05 3] X^?>^vXi»(i. KfbSSKCSiQ,), S 

(Zrtj,)^©K{b«5. ^{b«J, cn^©^BI8*«>%^S 
ciOT^s. cne»©fi£M^ffi{t^s. c 
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[0 0 5 4] x-^^>y*-rs»^ttSl£14>f*>^- 
AX7f>y (R I BE) *JgJLW ffSOx??- 

[0055] jjeoit«Eaa»v«i3tifem«4rr« 

»W3*ifc«Wft**il/r*<o±»«:FET. 10 

§txma»mMf»pwt (mqw) > a 

*#F*tt (SQW) (DffiL **fltiS* ^n*a. * 

[0056] ±m>. mm&&<DWffl2titcmm*m? 

CO±CCIIlJ5g»t 20 
[0 05 7] *JWoaffl4Lt. 21B*il&c<fc 

ilfefto^ i 2 ©fil#fr x tr * * 5/ * ;u 

[0 058] filT\ »§B©:Rti^ft^*fflfcK^Ttt 

[0 059] **wcoiiriSSfb^{fc^5*»tt«, 
W<&^<bi=^Siffltfcg*£ <HT Tmcvpej imf) fc 

tf'J^A (Ga(CH 3 ) 3 . feTF riMCj ±ET) th*)** 

■M^W^i^A (in(CHi)j. fclT ttmij <tfa 

T) > y^n-iy^i/i^^ny^A (Mg(c 50 
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5 H 5 ) 2 , JfiiT rcp,Mqj ifET) ~e*&. 
[0 0 6 0 ] (IS 1 SB5609) M^aVMMSlK: <fc 0 

^-Tv'^ytCcfcO, SlO/Ltm, r^PwlO/im. g£3l0amCD 
Xh^-f^ROSIt*»fiSUte. *«c t SK£400°C£ 
U H*£l0L/min, NH 3 3:5L/rrrin % TMA*20/i mol/min"C^ 

[006 1] JJ«C % If 77 >TT«S 1 <Di&g£ll50 o CtC 
Hi*20L/hiin. NHj £l0L/nrin, TMG^r 5Mmol/min 

^QMItsPSfeti. »3WWiftofc (BIO 
(c) ) o COCD^. Hi*20L/nrin, NH 3 ^lOL/min, TMG 
^r300Mmol/min"C^Ab, GaNlf 3 *«Sfi3-£. 10ani<£> 

[0 06 2] (« 2 UttfflD W«M^acfllWHlCC J: 0 

8fc»ofcaK*3EB<fcu «Ba©f77>f7ifii0 

ffllS * 400*0 £0. Hj^lOL/min, m*5L/nrin, TMA£20 
MmoVminr^J3^^L/"CAlNCD/^ ? 7 7 12^ft40n 

(05<O (b) ) . 

[006 3] accc, if77 -rrs^ i cosa^nso'ccc 

03^Fb. Ki*20L/taiin, NH 3 J &10L/min, TMCk^ 5jLtmol/min 

t^Alt, «ao t »j&fiixtrif+txi,^REfiK:<tOca 

&*)?m&m>ti. mm&smtteitc (as© (c) 

SC^ (d) ) o CCDCO^ htJ&20L/min, ^10L/mi 
n, TMygr300amol/minr^AL/ k CaNH 3 ti:, 1 

OwmCDffSil/fc. Ca^3©, S« 1 00313 10m mCD© 

[0 064] (S3 HifeW) «4ffi^KCfllMffilCC J: 0 

Sl£tt-Y*>tf-AXy^>y (R I BE) Sr^C^a 
S?F^-fx^^>yccJ:?). ifllOum, HPwlOum, 

CC. MK ; £400 o C£L, Hi^UOL/min, NH^5L/min, TMA 
*20tfmol/nrinrfi3»IB«3l^LrAlNO/<»7ra2* 
#J40nirfZ)JS $ CC^fiS U /c 0 '* ? 7 r ■ 2 «ffi^tl(Dgp^ 

2 2 iffi3gnr&c*a^2 2 r*ffi<D** 

o/c (H7© (b) ) o 

[0 06 5 ] yccc. if^T^rSSicoss^iiso'CCc 



(11) 

IS 

SJ3fL, H, £20L/min, NH 3 £lOL/min, "TMG£ 5Mmol/min 

r«Alt, M&VWttfa ifHi/t J: 9 Ca 
M|3«B/iRLfc. CCDBf, £fcHBmftT«cl»»#2 1 

s*>n, ^®#¥ffi<t&^/c (S7co (c) so' 

(d) ) o CCDfe, H^OL/min, NH 3 £rl0L/min, TMG^ 
300Mmol/min"C^AU, CaNS 3 £5£fi£i*, 3Mm(DJ¥ 
3<bb/c e GaNH 3 <D, 1 CD*££ lO/xmCD&gCDJgffi 

[0 06 6] C*4jW«J 2BISWr«, HI 2©<fc 
^ rJii**ftiiil«{BW3IHt^»*»<» 
£*lM8<hLT, MHXBMLftJI (££■) £JB 

o/c mmffifrR&i&m&tcxvffifrLtczmttwt 

U «Sfi©f7 7 -YTS&liCc, SJg^400 e C^r 
ISTcltr, H^lOL/rrrin, NHjSrSL/min, TMA£20iUmol 
/min-C^J3^ra«*SLrm 1 CDA1NH2 1 1 £#J40nm©Jf 
Stcj&OLbtt. ^c, ^^r^TSSloaS^riooo'C 

GCfi^L, Hr*20L/nrin, NH 3 £l0L/min, TMG^300/imol 
/taiirfC^AU fltfftt0.3Mm<DGaf*| 2 1 2&J&AL 20 
/C„ ;fc5CfiI£4400X:*r<8T3tt"C H^lOL/min, NH 
3 £:5L/min, Tm^:20M mol/min"C^3^^^J&Lr^2 CD 
A1NH2 1 3*fi40nm©/»SCCJBJ5ELfc. C^lt, fg 
J¥^4OnmCD01 CDA1N@2 1 1, J^J¥$\J0.3umCDCatft 2 

1 2. Mil^40nm(D^2<DAlNli2 1 3fre>j£&2j£B 

2 0*JBS£l/fc. 

[0 06 7] ^cc, »2H»WI<!:raaK: % tfju^iffc 

O'CKHSfSU Hi420L/tein. NH 3 *10L/irri n, TMG^Sumo 30 
VrninT^AU GaNH 3£flt£ffixt; **V + JH£B(C 

2 0%mt u r SWft* e *✓ + JUSfiic <fc 9 

©^#?gfc>n, *ffi#¥ffiiftofc. CCDCD*?, H,£20 
L/min, NH 5 £l0L/min, TNC£300unx>l/rTrin-CziAL, Ga 
MISSflEfiSl*, Gahtff 3£l0umCDJg3£L/Co GaNH 

3 CD, it7r-rra^l(Dg|l$10MmCD©MCDJSffi±^ 

»ccJtor*iHEfi[^*L < Wit fctifc. 
[0 06 8] flH»KM&nWC)BfiKO 40 

/c^x^iKl, SI 3©<fc J >ftl'-1fy-f*- F (L 
D) 1 0 0*^CO<fc5«CUrjgfiKU}fc. {BU GaN®3 
CWgJiRODKL (SiH,) ^iALt, Gatfi3Sr> 

y^>(Si)F-^CDn^GaN*>6^Jiib/c 0 ft, H 

*a*rc»48B»<DGal«3*flHir, ^1000 
±8E«U ^fttWCDGaNJg 3 SrGaNlf 1 0 3 <hfB$8T 
4o 

[0 069 ] SS*St4f7 r ^7li, AlN^^flE 50 
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^11 0 0 0<tn£iGatff 1 0 3CC, 5/ya>(Si)K- 
^CDAlo.o.Gao.sj^efiS^n^^^ F® 1 04, 
n>(Si) F-^CDGaN^^e>fiS6n^/Y F® 1 0 5, MQ 
W18igCD^7tJl 10 6, v^*^A(Mtj) F-^OGaN 
iph1&z>v>i3<< FBI 0 7, v^*^A(Mq) F-^<D 
AV 0B Gap. 92 Nfr>£>J&£p ^7? Fff 1 0 8, 7^^> 
^A(tfc|)F-^CDGaN^^fiS;6p^>^^ Fig 1 0 9£ 

J^fiRL/c. »Cp3>^r^ FH1 O9±CC^(Au)^60t 
^lil 1 OA^:, 2&CDGaNfi<hnMGaNlt<D^ft3® 

cDGaNUi o 3**mtirs*r— ajx^^>^LTr;i/ 

A (Al)*>?>JE£&«gl 1 0B*Mlfc CCDcfc 
5&CLTJ&&L/CU-* F (LD) tHRfll* 
»C«B^*#*L < ft±L/c a 
[0 07 0] C»6lQ(lM) JUlXttM^RItRCC^JSL 
/c^x/»±K:, Ml 4CD<fc5ftl£7t^*-F (LE 
D) 2 0 0£#<D<fc^CCLTffJj£L/c o {10, GaNH3 
<DBf&<D?g. (SiH«) ^iAOt, GaMI3*V 

Vn>(Si)F-^CDn^GaN^^^liiL//Co SS, S 

£fgBg<LT<s/cg>, aa*wr5*7 7-/ri«ua 

^a^r^Sffl^OGaMBSSfit-ST, ^x^2 0 00 
ilBtSb, -€-n^(DGaNli3^GaNJ12 0 3 <hiatg-T 

[0071] if^r -fr«s, Ai^e>^^^^r 

JB, SM*S«>eGaNB^6J5R^^i^2 0 0 0 inic 
aNH2 0 3±tC, VUn>(Si) F-^CDAl 0 . 0B Gao. 92 N 
^6^n^7 7K12 0 4, #£}fr!2 0 5, v^-> 
■^A(i^) F-^CDAl 0 . 9 8Gao. 9J[ N^6^^>P ^"7 * FJf 
2 0 6, ^^^^A(Mq) F-^CDGaN^^^>fiR€>P 3> 
h)| 2 0 7»ffil/Co ^(Cp=r>^r^ M|2 0 7 
±^(Au)^6Rg^^@2 0 8 A^:, GaNHinMGaNH 
CD2|gCDGals@2 0 3 #^ffi-r&£-C— SBx 9 ^>^U 
rTil'^- r >A(Al)^e>^^^M2 0 8B^Ml/c 0 

c<Dct5ccbr»fiEuyc«*y^^-F (led) 
[0072] c«79ok«) ^mmMTizmtitt LTV 

';:n>(Si)g&£/Bl>/c. V ! ;n>(Si)X«3 0 l^x 
*^>^(C<fci3ipIl0Mm raP§10/um, gH^lOairKDXh 

3c«c^ r ;3>sfi3 o i<d 

SS^ll-50 w CtCfi^L, ^^201/^11, h« 3 ^:10L/min, T 
KC£5Mmol/min, 7MA^:0.5/imol/min, HtfXtCjzKlft 
fJ3tl/c/cV^>(SiH 4 ) ; &0.0lMnio'l/rnin'Cet*&L, U 
Vn>S^CD^^CD±Sffi, fflJffi> iS®^6n-Al 0 . 15 Ga 

ffi^r^i -r ^^^ix ear * v * ;wdayc j: ^ ©m^s 

^tl, ^S^ifi<h/cCo/cCD^, ^^rlOL/min, NH 3 £lO 
L/min, 7MG^:100/xmol/inin, TMA^rlOMmoVnii^ Hz^/-^ 
CC£ 0 ^ tl/c/c is 5 > (SiH, )«:0 .2 m mol/mi nT«*& 
L, n^Vi S Gaa., 5 NH£f&fii*-feL 3MmCDJl$<bL 
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fc. is') =>>St53 0 1 <hn-AV 15 Ga,., s Nlf 3 

0 2 *flMi"C$x^ 3 0 0 0 <ttB«rs. 

[0073] iieci^Jc^x/Na ooo <sa*wr 

Si";3>ifi3 0 1 £*©±CCjfcJ&Sftfcn-A-|,,. ls Ga 
».. S N®3 0 2 ) ±{c^'Ja>CSi)K-7 , ©GaN#>6li£S 
n*VF130 3, MQWil©M13 0 4. v^* 
i"i;A(Mcj) F — ^<DCaN*i?>J5R5 p#-f Kg3 0 5 . v 
i/*i/^A(McO K-7'©A1 0 ,,Ca..„N*'P.fiS-Sp ^5 
? FH 3 0 6. vi^^^^A(Mg) K-7"cDGa>K>^(£S 
pn>$i> FJB30 IZnmvtc. JKlCpzi>2i> hJl 
3 0 7±{C^(Au)3!pe>fiSSme3 0 8A*. ->';n>g 
S3 0 lRS(CT^5-^A(A1)^6tiSeme3 08B 
ZBf&Ltc. C<D£'5lCL-C&)&Ltcmi 5©l — Iff 
* - F (LD) 300 b 

[0 074] CW8«MU:«WWrfc»R£t/Ci' 

•j3y(si)iMfflt,>/c. mimtim<Dtmtt?zis 

•;=i>S^3 0 l{CJf^Sn/cn-Al„. 1 ,Ga„., s Nli3 0 
2£|5lttCC, g^ft5i";3>SS4 0 lt*©± 

S ftfiin-Al, . ! , Ga, . , s NH 4 0 2 ©■} 4 0 0 
0£fl!;f:l,. £S3fcJ14 0 3. v AG*D F-7'© 

AV 1 ,Ga,..,Nsfre>Jj5Sp F@4 0 4 ^rJFJfiS U 

/c. ^fCp £-7 ? KH4 0 4±{C#(Au)A>?>^€.m@4 
0 5A4, V'j3>li4 0 lSffiCCT;U5-^ACAl) 
*>6fiSSSi@4 0 5B?:ff^Lfc. C©«fc -5K:L,-C0t& 
Ucil6©S^-/t-K (LED) 4 0 0U3R?* 

[0 07 5] (i^>y©3Ef] gfc. HI 7 (J. B 

fcO^£^j£-r.z>m?*S. 01 7© (a) «. JUS 
£fc*nL-Ct,>-2>#. Cft«^©fc&fSf&{bUfcgl:£0 
-C*»). ^{C{i^tt©S^©±ia«^x^^/i:OS!^ 
01 7© (a) -C«. B«©SM© 
±«K:#U ©^©JgffiB (^^BlStl^C^JiU 

sp^(c*fLffi^ngp^B) «3<g©®n*w-rs. HI 
7© (b) -c«. ^«©©M©±Kcc»u. mmomm 

B (i£i>ra^ft*jg£3&i»gis#tc#i.ffimfta5# 

b) tt8te©ffi»**rfs. 
[Hi] *^©^ i ©S«feWc&£nri$^b!|&ifc{b 
[02] *^©»0©lll)KM{fc^{t^)*Jif*©S5 

[03] xmiomivmMmc&ziiimmtvimit 

[04] *^©»iJ©ni^Mb^{b^j¥3lft©S? 
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[05] *^©^2©||^Cf!l(C^SlIEK^fc^fb 

[06] *^©glj©lll^»b^^t^*ii<*©« 
jgXg«r^TBfS0. 

[07] *9m<om 3 ogttMtcflt* m^^b#»^{b 
^Bj^»©«itxe*^-r»rE0. 
[08] *miom<Diimmitmmt-g®¥m#<Dm 

io [09] *mi®mfcm(Diimmit®mt&tomm# 

[0io] *^?§©jgtc!Sij©iii^{b^^b^*^ 
[0in *ftw<Dmicwi<Diiimmimmit£Vi¥m 

[012] ^^©®4©«gw:c^sni^{bti^ 

[013] *^©m5©*!ifjK:^Siiig^{b^ 
{b^*iS{*3E6*S^©«i§^*-r»rB0„ 

20 [014] mmom 6 ©mswcusis ni^it^m 

[015] *^©m7©^SfeW(C«5lll^fb©)S 
{b^^^7^^©«®*^T»rM0o 
[016] *^©m8©*te^|{c^5iii^{b» 

[I17]I1 ©IlU^{bf53S{b^¥«f*©x * ? 
[018] nij&Mb1^{bi^¥ig{**£»rsmii 

30 iwnomn 

l. loi. 2ou 3oi. 401 mm 

1000. 2000. 3000. 4000 
2 ^vVrM 

2 o mmm 

31. 32. 33 iiTmmmmti$*mmw 

1 0 3. 2 03 n-Gatfl 

104. 204. 302. 402 rWVlGaNi'-? » FH 
40 1 0 5.3 0 3 n-GaN#-( FH 

106. 205. 304. 403 ftKM 
1 0 7. 3 0 5 p-GaN#-T FJ1 

108. 206. 30 6. 404 p-MGaNf? v 

109. 207. 307 p-GaNH 

110A. 208A. 308A. 405A pmfE 
HOB, 208B. 308B. 405B nil 
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[011] 




(16) 
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(17) 



«FgS2 0 0 1 -2 67 242 




1 7 ] 





F 5F041 M03 AA40 AA44 CA04 CA05 

CA33 CA34 CA40 CA46 CA65 
CA75 

5F045 AA03 AA04 AA05 AB09 AB14 
AB17 AB18 AC07 AC08 AC12 
AF02 AF04 AF09 AF12 BB12 
DA53 HA02 

5F073 AA45 AA74 CA07 CB04 CB05 
CB07 DA05 DA07 DA25 DA35 
EA29 



